In eleven patients in whom atrial premature stimulation elicited functional block in the conduction system distal to the atrioventricular (A-V) node, the influence of atrial driving rate was studied. Functional conduction disturbances in the left bundle branch-Purkinje system were produced by driving the atria at a rate just above the spontaneous sinus rate and by introducing premature atrial stimuli. In five patients this was associated with block or delay of conduction in the right bundle branch-Purkinje system and in one with block within the His bundle. In these patients it was shown that the ultimate QRS configuration of the premature beat was determined by different conduction delays in the three parts of the bundle branch system. In three patients complete block of impulse conduction could be produced below the level of the His bundle, in one within the His bundle. In these four patients conduction delay of earlier atrial premature beats within the A-V node with resumption of conduction in the more peripheral pathways, gave rise to the phenomenon of the A-V gap. In two patients functional conduction delay in the contralateral bundle branch caused pseudo-normalization of a pre-existent complete right bundle branch block pattern, indicating that this pattern may not be caused by complete block, but by delayed conduction in the right bundle branch.
SUMMARY
In eleven patients in whom atrial premature stimulation elicited functional block in the conduction system distal to the atrioventricular (A-V) node, the influence of atrial driving rate was studied. Functional conduction disturbances in the left bundle branch-Purkinje system were produced by driving the atria at a rate just above the spontaneous sinus rate and by introducing premature atrial stimuli. In five patients this was associated with block or delay of conduction in the right bundle branch-Purkinje system and in one with block within the His bundle. In these patients it was shown that the ultimate QRS configuration of the premature beat was determined by different conduction delays in the three parts of the bundle branch system. In three patients complete block of impulse conduction could be produced below the level of the His bundle, in one within the His bundle. In these four patients conduction delay of earlier atrial premature beats within the A-V node with resumption of conduction in the more peripheral pathways, gave rise to the phenomenon of the A-V gap. In two patients functional conduction delay in the contralateral bundle branch caused pseudo-normalization of a pre-existent complete right bundle branch block pattern, indicating that this pattern may not be caused by complete block, but by delayed conduction in the right bundle branch.
In ten of the eleven patients functional block or delay of atrial premature beats in the peripheral conduction system became less pronounced as the driving rate was increased. In nine of these ten the phenomenon disappeared completely at higher rates; in six this occurred with an increase in rate of only 20 beats/min. The A-V gap phenomenon present in four cases at the lowest rate disappeared at higher rates in all four. It was concluded that functional conduction disturbances in the peripheral conduction system are favored by a low basic heart rate and that this rate dependency is caused by a differential influence of heart rate upon the functional properties of the A-V node and of the more peripheral parts of the conduction system.
Additional Indexing Words:
A-V conduction Cap in A-V conduction Refractory periods A-V conducting system F UNCTIONAL BLOCK in the intraventricular conduction system has been defined by Moe and Mendezl as a condition in which an electrocardiographic pattern of bundle branch block is intermittent or occasional, and dependent upon the preceding cycle length. It is thought to be caused by the fact that the conduction system is functionally inhomogeneous and that variations in excitabil-RATE-DEPENDENCY OF FUNCTIONAL BLOCK factors for the occurrence of this phenomenon. 3, 7, 14, 16 A more pronounced divergency in functional properties between the various parts of the peripheral conduction system at lower rates or after a longer pause was considered to be the causal mechanism.
In this communication we will discuss observations in eleven patients in whom functional conduction disturbances in the His bundle and bundle branch-Purkinje system could be produced by accurately timed premature atrial stimulation. In these studies our attention was specially focused on the influence of basic heart rate upon these conduction anomalies.
Methods
The clinical data of the eleven patients studied are summarized in table 1. There were 9 males and 2 females. Age varied between 15 and 39 years. During the hemodynamic catheterization study preceding the electrophysiologic studies, it was found that four patients had no demonstrable heart disease, one patient had trivascular coronary atherosclerosis. Six patients had congenital heart disease: two of these patients had an aneurysm of the membranous part of the ventricular septum, and one additional patient had a lesion of hemodynamic importance (case 7, ASD II). No patients received digitalis, quinidine or other cardioactive drugs at the time of study. The P-R intervals during sinus rhythm were normal in all patients. There were no signs of bundle branch block during sinus rhythm in eight patients. In three patients bundle branch block was present during sinus rhythm (cases 7, 10, 11). During the electrophysiologic studies an intracavitary electrogram was obtained from a unipolar catheter positioned high in the right atrium and a His electrogram from a bipolar catheter introduced through the tricuspid ostium.17 These leads, along with leads I, II, III, V, and V6 were recorded on an Elema 8 channel direct writing ink jet recorder and stored on tape with an Ampex FR 1300 tape recorder. The response of the amplifier-recording system of the His bundle lead was 3 dB down at 30 Hz at the lower frequency range and at 725 Hz at the higher range. The atrium was stimulated through a bipolar catheter (electrode distance 10 mm) positioned against the mid of the right side of the atrial septum.
A stimulation program described earlier18 was used. First, the influence of stepwise increases in atrial rate upon atrioventricular and intraventricular conduction was studied. Then the A-V conduction of atrial premature beats was studied by the application of a test stimulus A2 to the atrium after each eighth atrial beat A, of a regularly driven basic rhythm. The A,-A2 interval was gradually diminished until the refractory period of the atrium was reached. This procedure was first performed at a basic driving rate just above the spontaneous sinus rate, and then repeated at subsequently higher driving rates. The influence of shortenCirculation, Volume XLVIII, September 1973 ing of the A,-A2 interval upon the conduction of A2 through the A-V node and peripheral conduction system could therefore be compared at several basic driving rates in each patient.
The September 1973 hemiblock and complete right bundle branch block ( fig. 4, column 3) , and finally complete left posterior hemiblock, resulting in a complete bilateral bundle branch block (H1-H2 370 msec, fig. 4 , column 4).
Further shortening of A1-A2 resulted in a lengthening of H1-H2 due to delay of conduction within the A-V node. H2 was now conducted again, although with a left anterior hemiblock pattern ( fig.  4, column 5) . Thus, when A1-A2 was shortened a gap in A-V conduction located at a lower level than the His bundle was observed. This is more clearly visible in the graph in fig. 5 representing the relation between A1-A2 and the corresponding H1-H2 (dark dots) and V1-V2 intervals (crosses) at a constant driving rate of 90 beats/min (CL 667 msec).
Note in fig. 4 (column 1) that the occurrence of the left anterior hemiblock pattern was preceded by a somewhat more pronounced right ventricular activation delay, which disappeared as soon as the left anterior hemiblock pattern was present ( fig. 4 , column 2). This last fact and the prolongation of the H2-V., interval from 50 to 60 msec suggests that in the situation depicted in column 2 some retardation of conduction in the left posterior fascicle must already have been present. For any H11-11 interval the configuration of the ventricular complex V) was the result of the delays in conduction in the three principal pathways (bottom of fig. 4 ).
How the ultimate QRS-configuration of V2 depends on the relative delays in both bundle branches was demonstrated in patient 8, in whom initial conduction delay occurred in the left bundle branch system resulting in an incomplete left bundle branch block configuration ( fig. 6 , columns 1 and 2). Further shortening of the A1-A2 interval produced a progressively more pronounced conduction delay in the right bundle branch system, as evidenced by the appearance of an incomplete right bundle branch block ( fig. 6, columns 3 ( fig. 7, line 3 shows an H2-V2 interval of 150 msec at an H -H2 interval of 445 msec).
Since the configuration of V2 did not change, this pronounced prolongation of the H2-V2 interval is caused by concomitant delay of conduction in the right bundle branch. At an A1-A2 interval of 390 msec, the sudden appearance of a peculiar phenomenon was observed ( fig. 7, line 4 fig. 7, line 6 ). There is a gradual decrease in amplitude of the H2-deflection coinciding with the progressive conduction impairment demonstrated in lines 3 through 7. A speculative explanation might be that in this critical coupling interval range conduction is taking place in a progressively decreasing number of fibers of the His bundle. Once the FRPAVN had been reached at an A-A2 interval of 320 msec, further shortening of A1-A2 caused conduction delay in the A-V node and a rapid increase of the H1-H2 interval, accompanied by resumption of H2-V2 conduction, first with complete left bundle branch block and conduction delay in the distal part of the right bundle branch-Purkinje system ( fig. 7 , lines 8 and 9) and later, when the H11-112 interval exceeds the critical value of 485 msec, with normal speed also through the left bundle branch ( fig. 7, line 10) . In fig. 8, (left side graph) As can be concluded from table 1, and from figures 1-3 and 5, functional block could only be produced at the lowest driving rate in six of the eleven cases (1, 2, 4-7), despite the fact that the FRPAVN (the minimal possible H1-H2 interval) became shorter when rate was increased in five (1, 2, 4, 6, and 7) . This indicates that at higher driving rates impulse conduction of early atrial premature beats improved to a greater extent in the Hisbundle-Purkinje system than in the A-V node. In case 5, however, showing an increase of the FRPAVN at higher driving rates, the absence of functional block in both bundle branches at higher rates may have been caused partly or exclusively by worsening of the conduction through the A-V node.
Circulation, Volume XLVIIJ, Septefnber 1973 In four of the other five patients (cases 8 to 11) signs of functional conduction block or delay were present at higher rates but less pronounced, and in three of them these signs had disappeared completely at the highest rate studied (cases 8 to 10). Only in case 3 could a functional complete left bundle branch block be produced at all rates up to the rate at which the beats of the basic rhythm also showed a complete left bundle branch block. The pronounced conduction delay in the two fascicles of the left bundle branch resulting in disappearance of the complete right bundle branch pattern in case 10 at rate 80/min, was absent at higher rates. At rate 100/min V2-complexes at the shortest possible H1-H2 interval showed only a more pronounced left axis deviation ( fig. 9 , column 5), and at rate 120/min no QRS change could be produced ( fig. 9, column 6) . In patient 11, the pseudonormalization of the pre-existing complete right bundle branch block found at rate 80/min, could also be obtained at rate 100/min, but the maximal possible delay in the left bundle branch at rate 120/min was insufficient to obscure the conduction impairment in the right bundle branch.
Discussion
The results of this study indicate that functional block or conduction delay of atrial premature beats in the human His-Purkinje system can be produced less readily at higher than at lower heart rates. Aberrant Moore28 demonstrated a decrease of the differences in action potential duration and refractory period between Purkinje and ventricular cells at rising rate. Myerburg6 found the same for bundle branches and distal gates. In these last experiments it was also shown that the differences between left and right sides of the conduction system were reduced.
It was conceivable that these rate-dependent changes in the functional properties of the conduction system might influence the occurrence of functional block and ventricular aberrancy of premature beats. This was confirmed by the studies of Moe et al.3 which could explain the phenomenon of functional bundle branch block disappearing at higher driving rates, by the fact that the refractory period of the bundle branch decreased to a greater extent than the functional refractory period of the A-V node. Thus, at higher rates His bundle activations even at the shortest coupling intervals met excitable tissue in the more peripheral conduct on pathways. The disappearance of functional block of early atrial premature beats within the subnodal conducting tissue at a faster heart rate, may therefore be caused by a differential influence Our study demonstrated that this mechanism is also operative in the human heart. In 10 of 11 patients functional block or conduction delay in the peripheral conduction system of atrial premature beats became less pronounced when driving rate was increased. In 9 patients the phenomenon disappeared completely at even higher rates. In all cases in which conduction disturbances could be produced at more than one rate, it was noted that the H1-H2 interval at which these conduction disturbances appeared was shorter at the higher rates (table 1) .
In the unique case 9, displaying functional block at two levels (in the His bundle and in the left bundle branch system), an increase of heart rate resulted in disappearance first of the His bundle block and later of the left bundle branch block. In the four patients (5, 7, 8, 9) in whom functional block proceeded to the stage of a complete gap in A-V conduction, this phenomenon disappeared when rate was increased by 20 beats/min. The same observation was made by Wit and coworkers12 in the three patients with the A-V gap phenomenon, in whom the influence of driving rate was studied.
The enhancement of peripheral conduction of constantly coupled atrial premature beats at higher rates in these 10 cases (in 6 of them despite the fact that the FRPAVN decreased) indicates that changes in heart rate had a greater influence upon the peripheral conduction system than on the A-V node. The only exception was case 3. In this patient the persistence of functional complete left bundle branch block at higher rates could be explained by the fact that the FRPAVN declined to the same extent as the ERP of the left bundle branch. In conclusion, it may be stated that in the human heart the frequent phenomenon of functional block or delay of conduction of supraventricular premature beats within the His-Purkinje system is favored by a low basic frequency, and that this rate-dependency is caused by a differential influence of heart rate upon the functional properties of the A-V node and of the more peripheral parts of the conduction system.
